. Phytoalexins are low mol wt antimicrobial compounds which plants can accumulate in quantities sufficient to inhibit the growth in culture of potential pathogens (6, 8, 11, 25, 28) . It is thought that phytoalexin accumulation may be a mechanism by which plants resist the majority of microbes which they encounter (1, 12, 17) .
Many plants respond to invasion by both pathogenic and nonpathogenic microorganisms by producing phytoalexins (12, 17, 19, 20) . Phytoalexins are low mol wt antimicrobial compounds which plants can accumulate in quantities sufficient to inhibit the growth in culture of potential pathogens (6, 8, 11, 25, 28) . It is thought that phytoalexin accumulation may be a mechanism by which plants resist the majority of microbes which they encounter (1, 12, 17) .
Molecules that stimulate phytoalexin production have been isolated from various fungi. These molecules have been termed elicitors (18) .
An elicitor of glyceollin accumulation in soybeans has been purified from the soybean fungal pathogen Pms3 (4) . This Pms elicitor is a /l-glucan and is a component of the mycelial wall (5) .
Recently, an elicitor of glyceollin has been purified from commercial brewers' yeast extract. The purified elicitor is a glucan which appears to be structurally similar to the Pms elicitor (16) . This suggests that soybeans can detect the presence of other fungi by reCognition of a portion of their glucans. Such glucans are present in the cell walls of many different fungi (9) .
The purpose ofthis work was to determine whether other higher plants have the ability to respond to Pms and yeast by recognition 1 Research was supported by the Rockefeller Foundation RFGA-A57714 and the Department of Energy EY-76-S-02-1426.
2To whom correspondence should be addressed. 3Abbreviation: Pms: Phytophthora megasperma var. sojae.
of their glucan eicitors. Dark red kidney beans, Phaseolus vulgaris, and potatoes, Solanum tuberosum, have been chosen as models to test whether the Pms elicitor and the yeast elicitor will stimulate the accumulation of phytoalexins in other higher plants.
Dark red kidney beans respond to invasion by a variety of microorganisms including Colletotrichum lindemuthianum, the causal agent of anthracnose in beans, by turning brown at the site of inoculation and by accumulating a number of phytoalexins including phaseollin, phaseollidin, phaseollin isoflavin, and kievitone (6) (7) (8) 11 ). This response is also stimulated by exposing the cut surfaces of kidney bean plants to as little as 100 ng of a polysaccharide elicitor which was isolated from the mycelia wails of C. lindemuthianum by Anderson-Prouty and Albersheim (3) .
Potatoes respond to inoculation with a variety of microorganisms by accumulating a number of phytoalexins including rishitin, lubimin, and phytuberin (21, 22, 25, 28) . A polysaccharide has been isolated from the mycelial wails of Phytophthora infestans, the causal organism of potato blight. Exposure of potatoes to this polysaccharide results in the accumulation of phytoalexins (10) .
MATERIALS AND METHODS
An authentic sample of phaseollin was the generous gift of J. A.
Bailey. An authentic sample of rishitin was kindly donated by G. D. Lyon.
The Pms glucan elicitor was obtained from B. Valent of this laboratory and was the fraction I elicitor purified by the procedure of Ayers et al. (4) . The yeast elicitor was obtained from M. Hahn and was purified from yeast extract by the procedure of Hahn and Albersheim (16) . A crude C. lindemuthianum elicitor, the concentrated water extract of autoclaved mycelial walls, was prepared by the procedure of Anderson-Prouty and Albersheim (3). Elicitor carbohydrate was quantitated by the anthrone method (13) using glucose as a standard and is reported as itg of glucose equivalents.
Dark red kidney beans var. Charlevoix were obtained from the Idaho Seed Bean Co., Twin Falls, Idaho. The beans were soaked in sodium hypochlorite (0.75%) for 5 min, were then rinsed with distilled H20, and were planted in Vermiculite. Bean plants were grown under a photoregime of 14 hr of 2,500 ft-c illumination at 20 C and 10 hr of darkness at 18.5 C. Idaho russet potatoes were obtained from a local grocery and were surface-sterilized for 2 min with 80% ethanol before use.
Brewers' yeast was obtained from a local brewer's supply store and was washed with 10 mm potassium phosphate (pH 7.2) prior to use. The Pms was grown in still culture and was prepared for inoculation as previously described (4) . Race a of C. lindemuthianum was maintained on agar slants containing the medium described by Mathur et aL (23) . Spores of C. lindemuthianum were prepared for inoculation by adding 2 ml of sterile H20 to an agar slant of the culture and by scraping spores from the surface of the agar with a spatula.
Inoculation (6, 8, 27) . Phytoalexins were extracted from treated cotyledons as described. The concentrated phytoalexin extracts were chromatographed on thin layer silica plates and the plates were subjected to the C. cucumerinum bioassay (Fig. 1B) . At (Fig. 1B) areas was removed, weighed, and rishitin extracted and quantitated as described. Treatment of potatoes with live Pms resulted in the accumulation of 28 ,ug of rishitin/g fresh weight tissue while control tissue contained only 0.95 ,g of rishitin/g fresh weight.
The Pms and yeast elicitors were both very effective in stimulating potatoes to accumulate rishitin. Significant quantities of rishitin over control tissue resulted from the treatment of potatoes with as little as 0.16 ,g/ml Pms elicitor and 0.1 ,g/ml yeast elicitor. The amount of rishitin extracted is plotted versus the concentration of elicitor used in the treatment (Fig. 2) . The Pms elicitor stimulates tissue to accumulate a maximum of 29 ug of rishitin/g fresh weight and the yeast elicitor stimulates a maximum accumulation of 20.0 ug/g. The concentration of elicitor which resulted in one-half of the maximum accumulation of rishitin was 0.60 Mg/ml for the Pms elicitor and 0.37 ,ug/ml for the yeast elicitor (Fig. 2 inset) .
DISCUSSION
Red kidney bean cotyledons respond to inoculation with Pms mycelia, with yeast cells, and with spores of the bean pathogen, C. lindemuthianum, by turning brown at the site of inoculation and by accumulating at least five fungistatic compounds (Fig. 1) . This response in red kidney bean cotyledons is also stimulated by exposing cut cotyledons to purified glucans from Pms and from yeast (Fig. IA) Previous studies have shown that kidney bean hypocotyls re- spond to inoculation with an incompatible race of C. lindemuthianum by accumulating the phytoalexins, kievitone, phaseollin isoflavin, phaseollidin, and phaseollin (6) . These phytoalexins have reported RF values of 0.075, 0.27, 0.37, and 0.50, respectively, on thin layer silica plates developed with HCCt3-ethyl alcohol (100:3, v/v) (7). These results suggest that four of the fungistatic compounds which accumulate in red kidney bean cotyledons following exposure of the cotyledons to the glucan elicitors from Pms or yeast are the phytoalexins which have previously been reported to accumulate in kidney bean hypocotyls following inoculation with C. lindemuthianum.
Potatoes accumulate rishitin following exposure to either living Pms mycelial fragments (Fig. 2) or to the glucans purified from Pms and from yeast extract (Fig. 2) . Potatoes accumulated 28 ,ug of rishitin/g fresh weight following inoculation with live Pms and accumulated 29 pug of rishitin/g fresh weight following exposure to Pms glucan. Therefore, the Pms glucan is as effective in this assay as live Pms in eliciting the accumulation of rishitin in potatoes. The yeast glucan is also a very potent elicitor of rishitin accumulation. Potatoes accumulated 19.5 ug of rishitin/g fresh weight following exposure to the yeast glucan.
Recently, Lisker and Kuc (21) reported that the Pms glucan (20 pAg/potato slice) elicited the accumulation of low levels of rishitin and lubimin. The amounts of these phytoalexins which accumulated in their experiments in response to the Pms glucan were much lower than the amounts accumulated in response to various live and heat-killed fungi. There are significant experimental differences between the biological assays conducted by Lisker and Kuc and the biological assays described in this paper. Such differences may account for the discrepancies in these two studies in the amount of rishitin accumulated in potatoes following exposure to Pms glucan.
The original discovery that a ft-glucan from the mycelial walls of Pms could stimulate soybeans to accumulate the phytoalexin glyceollin indicated that soybeans were capable of detecting and responding to the presence of a fungus by recognizing a molecule synthesized by that fungus. The importance of glucans in this recognition process was supported by the characterization of an elicitor of glyceollin accumulation which was purified from commercial brewers' yeast extract. The purified yeast elicitor is a polysaccharide which consists largely, if not entirely, of glucosyl residues (16) . The results presented in this paper demonstrate that the ability to detect and respond to fungi by recognition of fungal glucans is not unique to soybean. Potato and red kidney bean as well as soybean respond to the highly purified Pms glucan by accumulating phytoalexins. These plants appear to respond to Pms following recognition of the same mycelial wall component. The stimulation of phytoalexin accumulation in soybean, potato, and red kidney bean by the structurally similar yeast glucan supports the hypothesis that plants may respond to a variety of fungi by recognizing the same or similar mycelial wall components. These conclusions are supported by other work. For example, the Pms glucan stimulates suspension cultures of sycamore cells and parsley cells to produce increased amounts of phenylalanine ammonia-lyase activity (15) . This enzyme is thought to participate in the biosynthesis ofphytoalexins in many plants (14, 15, 24) . Molecules which elicit phytoalexin accumulation in kidney beans have been isolated from three species of Colletotrichum The elicitors from the three Colletotrichum species are glucose-containing polysaccharides (2, 3).
Many plants have been shown to respond to a large variety of fungi by accumulating phytoalexins. An efficient means by which a plant could detect diverse fungi would be the recognition of molecules which are common to these fungi. Beta-linked glucans with compositions similar to the elicitors isolated from Pms and from brewers' yeast are cell wall components of many fungi (9) . It may be that these glucans are important determinants in the defense response of plants to invasion by these fungi.
